Abstract-Wireless
I. INTRODUCTION
A set of devices can be integrated into a Wireless Biomedical Sensor Network (WBSN), a new technology used in telemedicine for monitoring physiological signal of patients. For example, electromyogram (EMG) is utilized for monitoring muscles activities [1] , electroencephalogram (EEG) is used for monitoring brain electrical activities and electrocardiogram (ECG) is employed for monitoring heart activities. Today, wireless EMG machine needs to be developed as wireless sensor network is indeed the medium of signal transmission. With this machine, we can monitor muscle activity of patients outside the hospital environment such as at home or office.
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Wireless link is applied in EMG machine to transmit real time medical information. Electromyography (EMG) is described as a device, that records muscle activity, utilized to measure the change in electrical potential between two points of a muscle using EMG electrodes connected to these two points [2] . It can produce electrical signals as a result of muscle contraction that represents neuromuscular activity. Thus, muscle generates electrical signal every time it contracts.
Basically, the amplitude of the electrical signal generated by muscle activation varies according to the force applied to move the joint, of which the velocity of muscle contraction and the angle of muscle pull when it contracts. Wireless EMG transmission is the key to eliminate the limitation of wired system. Henceforth, low power consumption by wireless EMG sensors is one of the challenges to realize in designing wireless EMG system. The system allows EMG signal to be transmitted via wireless communication to the computer. The amplified EMG signal is taken in the Arduino whereby the program was sketched in the Arduino IDE to sequentially acquire signal in the analog port [3] . Then, the control signals were transmitted using X-Bee trans receiver to a remote Arduino Uno microcontroller interfaced with another X-Bee trans receiver. The transmission of the control signals are essentially wireless serial communication.
The development of EMG system normally consists of preamplifier, a band pass filter, a digital signal processor (DSP) and a component that transmits data to computer via X-Bee module. Whilst, preamplifier measures and amplifies EMG signal; a digital signal processor (DSP) performs A/D conversion. The electrode utilized to obtain EMG signal measurement involves detachable, Ag/Agcl electrode terminals [4] . Meanwhile, the developed system includes low-pass filter with 500Hz cutoff frequency and high-pass filter with 10Hz cutoff frequency to eliminate DC offset, as most signals concentrate in the band between 10 and 500Hz. Two criteria were selected for the project, namely EMG spectral analysis using fast Fourier transform (FFT) and signal noise to ratio (SNR). Three ankle movements were experimented in accord to the aforementioned criteria including Dorsiflexion movement (DF), Plantar Flexion movement (PF) and Ankle adduction movement (AD).
A. Spectral Analysis for EMG signal
The characteristics of EMG frequency components can be examined from the recorded EMG signal by using Spectral Analysis. In the analysis, FFT from raw EMG signal was calculated without filtration except for the implemented RC band pass filter in the EMG circuit. Then, the frequency spectrum from the recorded EMG signal was determined. Additionally, FFT proved that the frequency range of the EMG signal (10-500Hz) was achieved. The precise shape of total power spectrum varies widely, depending on FFT setting and the measurement conditions such as muscle type, muscle length and skin filter effects.
Among the characteristics of the spectrum include:
Step increases from high pass at 10 Hz
B. Graphic User Interface in LABVIEW
Both wired and wireless EMG signals were captured by using LABVIEW. This is shown in Figure 3 . The block diagram of DAQ recorded and saved EMG signal. DAQ Assistant assisted users with its wizard-like interface by providing step by step guide in developing the process of data acquisition. As DAQ assistant was created; 'while' loop was placed around it for continuos measurement or generation. Figure 4 shows the block diagram of DAQ for the wireless EMG system. LABVIEW interface was used to initialize a wireless connection to an Arduino. The baud rate was set at 115200. The connection type was set to USB/Serial. Then, the analog voltage was read on the selected Arduino analog input pin. Eventually, the data was written in the text based measurement files and panel.
C. Signal Noise to Ratio (SNR)
Signal to noise ratio was used in engineering to compare the level of desired signal and the level of unwanted signal. Therefore, it can be defined as the ratio of signal power to the noise power. The unit of SNR is in decibels (dB). It can be concluded the formula of SNR is:
In other words, SNR is a ratio which compares the level of signal power versus the level of noise power and expressed as a measurement of decibels (dB). It was discovered that the higher the numbers, the better the results; meaning that there was more useful information (the signal) than unwanted data (the noise).
III. RESULTS AND DISCUSSION
The results obtained from both methods were analyzed and are presented in the following sections.
A. EMG Spectral Analysis
Rest period Contraction In Figure 7 , the duration of the signal was 20s and the frequency was 0.05Hz. This signifies that frequency components of recorded signal meets the frequency range of the wireless EMG signal. Figure 8 displays normalized frequency in Matlab signal processing toolbox that was applied in FFT calculation. The power spectrum density of the recorded EMG signal was also measured in this Matlab toolbox.
The formula applied to attain the actual frequency is shown below: Table 1 demonstrates the actual frequency of wireless EMG spectral analysis for the three movements. All frequencies meet the specification of EMG frequency which were within its range. Three muscle areas, which are TA, PL and GL, were experimented in the following movements: DF movement, PF movement and AD movement, respectively as shown in Figure  9 . During, the experiments, Matlab program was assigned to compute the SNR after adding Butterworth band pass filter. SNR ratio was determined as total of power density versus noise. Table 2 shows the average of the three ankle movements from EMG acquisition system after using Butterworth band pass filtering with cut off frequencies of HP=10Hz and LP=500Hz.
B. Signal Noise to Ratio (SNR)
(
IV. CONCLUSION
As conclusion, the wireless EMG system for ankle joint movements was developed and tested. The system was built by designing a multichannel sEMG data acquisition system which captures EMG signals below knee muscles and transmits the signal via wireless communication to the computer. The surface EMG system was measured from the skin comprising the targeted muscles by using dual polar electrodes. The NI6009 DAQ card was utilized for the A/D converter while graphic user interface software (LABVIEW) was employed to view and record the captured signals. Data collection protocol was implemented in order to create an accurate load pattern recognition system according to the EMG signal.
Four below knee muscles namely TA, PL, GL and GM were identified via the experiments in the project as responsible for actuating ankle joint movements including DF, PF and AD. The captured EMG signals were later recorded and prepared using Matlab. The criteria applied were FFT and SNR. FFT was used to determine the frequency component of the recorded EMG signal. The frequency component of the recorded signal complies with the frequency range of the EMG signal which was between 10-500Hz. Meanwhile, SNR functions to differentiate wanted and unwanted signal levels. In the project, SNR ratio was increased by applying Butterworth band pass filter. Digital filtering was added to improve signal quality and accuracy.
V. FUTURE WORKS It should be noted for future works that the distance of the transmission EMG signal can be increased by replacing the XBee module to satellite communication. Thus, enabling the monitoring of patient's muscle activity from outside of the hospital building such as home or office.
